Although our knowledge of the distribution and activities of marine bacteria is woefully scant, it is recognized that these microOrganisms play an important role in the biology, geology, and chemistry of the sea (cf. Bavendamm, 1932 ; Benecke, 1933 ; and Waksman, 1934) . There are several factors which are known to influence the distribution of bac teriain the sea,but so complex isthe problem thatitis necessary to consider each factor singly in orderto evaluate itssignificance. It has been stated frequently thatthe lethal actionof sunlight upon bacteria has a profoundeffect upon their vertical, diurnal, and seasonal distribution. For example,Fischer(1894) found more bacteria in the North Atlantic at sunrise than in the afternoon, and Schmidt-Nielson (1901) attributed to the killing actionof sunlight the difference be tween 26 bacteria per cubiccentimeter of surfacesea water and 420
Although our knowledge of the distribution and activities of marine bacteria is woefully scant, it is recognized that these microOrganisms play an important role in the biology, geology, and chemistry of the sea (cf. Bavendamm, 1932 ; Benecke, 1933 ; and Waksman, 1934) . There are several factors which are known to influence the distribution of bac teriain the sea,but so complex isthe problem thatitis necessary to consider each factor singly in orderto evaluate itssignificance. It has been stated frequently thatthe lethal actionof sunlight upon bacteria has a profoundeffect upon their vertical, diurnal, and seasonal distribution. For example,Fischer(1894) found more bacteria in the North Atlantic at sunrise than in the afternoon, and Schmidt-Nielson (1901) attributed to the killing actionof sunlight the difference be tween 26 bacteria per cubiccentimeter of surfacesea water and 420
per cubic centimeter at a depth of 25 meters. Similarly, Bertel (1912) noted thatduring May and June, a periodof intenseinsolation, the number of bacteria in the Atlantic between the Azores and Portugal increased from the surface downward and, furthermore, the number of bacteria at the surfaceincreased duringthe nightand was reduced again in the morning. Gaarder and SpÃ¤rck(1931) ascribedto the bactericidal effect of sunshinethe paucityof bacteria in Norwegian oysterpoolsin the summer as compared to theirgreaterabundance in thewinter. Corresponding observations have been made in fresh-water lakesas exemplified by the reportof Graham and Young (1934) ,who found the maximum bacterial population at a depth of 30 to 60 feet, stating that there were fewer bacteria near the surface due to the in tensity of the light.
Conversely, Reuszer (1933) found no correlation between the numbers of bacteria in surface sea, water and the time of exposure to sunshine in the summer months near Cape Cod. Fred, Wilson,and Davenport (1924) found no evidenceof lightinfluencing the bacteria in the surface water of Lake Mendota. Lloyd (1930) In their studies on the factors which in fluence the distribution of bacteria in the sea, ZoBell and Feltham (1934) concluded that if there is any direct or indirect harmful effect of sun light, it is obscured by other factors.
This paper is a continuation of those studies.
EXPERIMENTAL
Observations on the vertical distribution of bacteria were made on several brightcalm days duringthe summer months of 1933 and 1934 at theend of the ScrippsInstitution pierwhich extends1,000feetinto theseaand beyond the surfzone. The samplingdeviceconsisted of a sterile evacuated bottle fitted witha sealed capillary tubewhich isbroken by a messenger,thus permitting the bottle to fill with uncontaminated water from any levelwithina fe@vcentimeters of the desireddepth. For a completedescription of thesamplingdeviceand details concerning the methods of investigation, evaluation of the experimental error, and the lackof uniformityin the distribution of bacteria in the sea,see ZoBell and Feltham (1934) .
Samplesconsisting of 50 cc.of seawaterwere collected at2:00 P.M. from the surface and at various depths below the surface.
After vig orously shaking the samples, appropriate dilutions thereof were plated in duplicate on nutrien't sea-water agar. The plates were incubated for four days' at 25Â°C., and the resulting colonies were enumerated in a Stewartcountingchamber,usinga 3.5x engraver's lens. The average number of bacteria per cubiccentimeter are shown in Table I .
This experimentalprocedurepresentedno evidencethat sunlight destroyed thebacteria intheupper strata of water for,withinthelimits of sampling errors, there were just as many bacteria in the surface water as in that taken from a depth of 5 meters.
These results cor roborate previous findings when the mean of twelve samples collected from August 1 to August 13, 1932, was 584 bacteria per cubic centimeter of surface sea water, 447 in the 3-meter strata, and 608 from a depth of 6 meters.
It is recognized that the vertical circulation of the water near shore may have a tendency to mix the different strata, but that mixing was not appreciable during this period is indicated by a temperature dif ference of from 2Â°to 6Â°C. between the surface and bottom water at the end of the pier.
The vertical distribution of bacteria to greater depths was investi gated near mid-day during the summer months. On the boat â€oe¿ Scrippsâ€• Table II . The bacterial population was found to increase from the surface downwards to a depth of about 50 meters, which is in accordance with the observations of FÃ˜yn and Gran (1928) , Schmidt-Nielson (1901), and Bertel (1912) . It should be noted that from the surface to the zone of their greatest abundance the number of bacteria increases only two-to four-fold, which is not indicative of a direct bactericidal effect of solar radiations in the upper strata since the penetration of these rays decreases geometrically with depth.
If we assume for the sake of argument that the lethal ac tion of sunlight is the only factor which influences the otherwise uniform (which is known to be a false assumption), we would expect the number of bacteria to increase in geometric progression from the surface down ward following several hours of exposure to intense sunlight. There is no semblance of such a relationship.
As is shown in Fig. 2 , virtually all of the bactericidal radiations, or those having a wave length of 3130 A or less, are absorbed by the first three meters of sea water and there is no significant increase in the bacterial population until a depth of ten to twenty meters is reached.
While there is no indication from the study of the vertical distribution of bacteria in sea water that sunlight has any lethal action, the experiments fail to prove that there is no such TABLE III Average plate counts expressed as bacteria per cubic centimeter of surface sea water collected at different times during the day.
action because there are multifarious other factors which influence the vertical distribution of bacteria about which little or nothing is known.
DIURNAL

AND SEAsoN@ FLUCTUATION
During a two-week period from June 4 to June 16, 1934, 50-cc. samples of sea water were collected from the end of the pier at 7:00 A.M., 12:00 M., and 5:00 P.M.
These samples were analyzed for their viable bacteria content by the same standard procedure described above. Table III presents the findings.
While in some cases there was a perceptible diminution in the number of bacteria per unit of water after being exposed all day to sunlight, on other days the 5:00 P.M. samples actually contained more viable bacteria than the early morning samples.
The tidal phase was taken into consideration, and it did not influence the results. It is recognized that the same mass of water was not being sampled throughout the day. due to its slow horizontal circulation which accounts for many of the apparent discrepancies.
This, tpgether with the fact that bacteria are not uniformly distributed in sea water and that there are certain un avoidable experimental errors in the collection and analysis of samples, emphasizes that the formation of conclusions from one day's observa tions, as has been done by other workers, is unreliable and untenable. However, most of the errors of single observations should be offset by averaging several observations, and the application of this method re vealed that the bacterial counts of the 5 :00 P.M. samples were only slightly lower than the 7:00 A.M. samples and, indeed, the 12:00 M.
samples contained more bacteria than the early morning ones. Pre viously, from August 15 to September 13, 1932, by use of a similar procedure, an average for 28 days showed 487 bacteria per cubic centi meter of surface sea water in the early morning and 455 in the late afternoon.
The seasonal distribution of bacteria in the sea has been followed for three years by the daily (except Sunday) analysis of water samples collected from the Institution pier. Data, showing the relationship be
tween the bacterial population expressed as bacteria per cubic centimeter of surface sea water and the insolation intensity expressed in terms of gram-calories per square centimeter, are summarized in Fig. 1 . Bi weekly averages of the former for the year 1933, and the corresponding monthly mean insolation intensity calculated from the daily values re corded by the Institution's pyroheliometer, are given. A description of this instrument appears in the Monthly Weather Review, vol. 60 : pp. 26â€"28, 1932 , and information on the measurements of solar radiations at La Jolla may be found in subsequent issues.
In Fig. 1 it will be noted that the period of maximum insolation, May to July, was also a period of minimum bacterial population, which from these data alone may be interpreted as a bactericidal effect of sun light.
But it should also be noted that by far the largest number of bacteria occurred in September when the insolation was still relatively intense, and very few bacteria were found the last of November to the first of January when insolation was at its lowest ebb. The same gen eral trends were found in 1932.
Like the foregoing experiments, there are too many additional phys ical, chemical, and biological factors which also undergo seasonal cycles and which are known to affect the bacterial population of the sea to war rant an evaluation of the direct influence of sunlight alone. For ex ample, it has been found that, except for the large numbers of bacteria which occur each year in February, there is a semblance of correlation between the water temperature and the bacterial population (cf. ZoBell and Feltham, 1934) .
Also, the phytoplankton content of the water at the same place was highest from May to July, and next highest in No vember and December, which, if only one factor is considered, may indi cate that periods of maximum photosynthesis are accompanied by small bacterial populations and followed by large ones. Thus, while a com parison of the insolation intensity with the seasonal distribution of bac teria indicates that the former may exert a harmful influence on bacteria, the study illustrates the fallacy and futility of trying to interpret find ings with insufficient data on contributing factors. Evidence is being rapidly accumulated by field workers that light acts as an important factor in the distribution of both plant and animal species in the sea and the abundance of bacteria is interlinked with the presence of either dead or living organic matter.
The vertical distribution of phytoplankton is directly associated with light intensities (Pettersson et al, 1934) and there are numerous phototropic zoOplankton (cf. Spooner, 1933 , Gar diner, 1934 ) which migrate to the surface during hours of darkness and sink to deeper water with increasing luminosity, all of which would affect the vertical, diurnal, and seasonal distribution of bacteria. Direct field observations having failed to answer satisfactorily the question under consideration, laboratory experiments were devised in which the various conditions were under control.
During bright days in July when the angle of incidence of the sun's rays approached 90Â°a t mid-day, shallow layers of sea water were exposed in open Petri dishes on the roof of a two-story building.
The sea water was paper filtered to remove suspended particles and thereby insure a more uni form distribution of bacteria.
The dishes of sea water were held in a water bath the temperature of which was maintained at 25Â°to 26Â°C. with running tap water.
Sea water was placed in the dishes having a diameter of 10 cm. to give depths of 2 mm., 5 mm., and 10 mm., this requiring 16 cc., 40 cc., and 80 cc., respectively.
The number of bac teria in the water was determined by plate counts at the beginning of the experiment and at intervals thereafter. The average results of three such experiments are summarized in Table IV .
The experiment clearly demonstrates that sunlight does have a lethal action on bacteria suspended in shallow layers of sea water, this action being most marked during the first few minutes of exposure and being almost negligible after one hour.
It also indicates that the bactericidal action apparently decreases with depth even within the upper 10 mm. of water.
Such shallow layers of water were also exposed to sunlight from 8:00 A.M. until 4:00 P.M., but the diminution in the number of viable bacteria was not much, if any, greater than when exposed to the mid-day sun for one hour.
Nor was there any evidence of a cumu lative effect following exposure on five successive days as compared with the controls which were kept in the dark at the same temperature.
In order to examine more closely the relationship of depth to the One of these was exposed to bright July sunlight and the other was kept in the dark.
Both were maintained at 25Â°to 26Â°C. in a bath of running water.
Samples were obtained from the surface and at depths of 10. 20, and 35 cm. by means of a sterile pipette, the upper end of which was kept closed until the pipette had been inserted to the desired depth. These samples were collected at 9:00 A.M., 1:00 P.M., 4:00 P.M., and 9:00 P.M., and were plated on nutrient sea water agar. Just prior to taking the 9:00 A.M. samples the water in both jars was thoroughly mixed by pouring from one jar into the other, so the difference in the plate counts in the 9:00 A.M. column furnishes an index to the range of error in the analytical procedure.
Again it is demonstrated that sunlight kills bacteria in sea water, but it does so to a detectable degree only in the uppermost few centimeters of water, and even in the upper layers the lethal action is relatively slight. From the 4:00 P.M. column in Table V it should be observed that following seven hours exposure to direct sunlight the bacteria in the surface layer were reduced only 36 per cent as compared to the covered control. The average of the four strata at 4:00 P.M. was 205 bacteria in the covered jar and 171 in the exposed jar, and just about the same at 9:00 P.M. Exposure of the water in battery jars on several successive days did not cause any more tangible decrease in the bacterial population than in the unexposed control.
In both jars sedimentation and thigmotro
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/ pism became evident. It has been pointed out by Prescott and Winslow (1931) that the tendency of bacteria to settle in standing water has been misinterpreted as a lethal action of sunlight, and ZoBell and Allen (1933) have showed that many bacteria are thigmotropic and, when confined in glass vessels, attach themselves to solid surfaces.
Although the foregoing results are not always clear-cut, the findings are in perfect accord with our knowledge of the abiotic radiations of 1932) , and others shows that the penetration of light in sea water decreases rapidly as the wave length decreases. This is illustrated by Fig. 2 , which gives the depth of penetration of certain bactericidal radia tions in terms of the percentage of the incident rays which reaches the stated depth. The data were calculated by using the approved formula and the absorption coefficients found by Hulburt (1928) .
From a comprehensive review of the literature, Ellis and Wells ( 1925) concludethatthe bactericidal rangeof solarradiations is from 2960 A to 2100 A, with the maximum between 2800 A and 2500 A. This is also the consensus of opinion of the workers whose findings are reviewed by Buchanan and Fulmer ( 1930) . A few investigators claim that wave lengths up to 3660 A are perceptibly abiotic but, indeed, they are only feebly so, as indicated by the work of Cernovodeanu and Henri ( 1910), whonotedthatwhereas3 to 5 hourswererequiredto sterilize a thin emulsion of Bacterium coli with wave lengths greater than 3050 A, it was sterilized in 15 to 20 seconds with shorter wave lengths. Now it will be observed from Fig. 2 that the penetrating power of the radia tions of maximum bactericidal action (2800 A to 2540 A) is very small, virtually all of these radiations being absorbed by the first meter of sea water and their intensity reduced nearly one-half by passage through only 10 cm. of sea water. The bactericidal action of ultra-violet radia tions decreases much more rapidly than the decrease in the intensity, as has been shown by Coblentz and Fulton (1924) . Fischer and Holden (1927) found that the lethal action of ultra-violet radiations is deter mined directly by their intensity and it seems to be a logarithmic func tion. Furthermore, it should be stated that the data in Fig. 2 are based upon observations in which the angle of incidence of the radiations is 90Â°and in quiet clear sea water free of suspended matter.
The trans mission of radiations is reduced proportionately as the angle of inci dence decreases and, likewise, when the surface of the water is ruffled by wind or wave action.
Also, the penetration is materially less in sea water containing organic matter, especially if the latter is particulate. Grimm and Weldert (1911) found that as few as 100 bacteria per cubic centimeter greatly increased the absorption of ultra-violet rays. Work ing at sea, Richardson (1932) observed that 21 per cent of the incident rays of sunlight up to 4800 A is absorbed by the first 5 mm. of sea water, and it will be recalled that these longer wave lengths are far more penetratingthan the ultra-violet rays.
Incidentally, it may be of interest to point out that the absorption coefficients of ultra-violet radiations in sea water are much greater than in fresh water.
For example, the absorption coefficient as found by Hulburt (1928) for the wave length of 3030 A is 0.017 in sea water and only 0.005 in distilled water, which means that the incident intensity of this radiation will be reduced to 18 per cent after passing through 10 cm. of sea water, whereas 95 per cent of it will penetrate this depth of distilled water. In natural fresh water Buchner (1893) noted only a feeble lethal action of sunlight on bacteria, the bactericidal power penetrating less than 3 meters, and Jordan (1900) found that in river water the sun's rays are virtually without action. Topley and Wilson (1928) conclude that evenin clearwaterit is doubtfulif abioticrays are active for a distance of more than 5 feet from the surface and, due to the turbidity and constant movement of water in nature it is im probable if bacteria are subjected to the influence of the rays for suffi cient time to kill them.
CoNcLusIoNs
Observations on the vertical, diurnal, and seasonal distribution of bacteria in the sea fail to show evidence of a lethal action of sunlight. While the seasonal fluctuation in the bacterial population is more or less inversely proportional to the intensity of sunlight, it is recognized that there are multifarious interlinked biological, physical, and chemical factors which alsoinfluence thebacterial population of seawater.
Controlled laboratory experimentsrevealthatat thislatitude sun light has a feeble lethal action on bacteria in the uppermost few milli meters of sea water, but even shallow layers of sea water are not sterilized by prolongedexposure.
Virtually no bactericidal radiations penetrate sea water three meters, and the intensity is materially reduced by passage through 10 cm. of sea water.
APPENDIX
While the data summarized in Table V indicate that sunlight does kill bacteria in sea water, there is an unavoidable residual error or vari ability of the plate counts even when conditions are held as constant as possible.
Therefore, in order to determine details regarding quanti tative relations, and to estimate their statistical significance, the follow ing method of analysis was selected as being appropriate:
Assume the variability of the counts with respect to time to be inde pendent of the depth.
Determine the statistical significance of differ ences between the variabilities at different depths using, as is customary, the standard deviation, or S.D., for an index of the variability. Attri bute to changes in the controlling factor, radiation, any differences that could not reasonably arise as a result of the sampling or residual error. In order to eliminate the effect of differences in the initial countsof thethreeexperiments, allresults of each experimentwere expressedin the percentage of the averagecountat alllevels forthatexperimentat the initial time, 9:00 A.M. The average results, including the S.D. but not the individual counts, are presented in Table VI Average plate counts ofseawater inthree experiments inbattery jars atdifferent depths withandwithout exposure tosunlight expressed inpercent.
or the bottom,but at the 20-cm. level the difference between 16.4and 8.7 corresponds to a chance of 2 in 100.
The evidence points to some influence producing an unexpectedly high variability at the 10-cm. level in the covered jar. Adopting 14, corresponding to the 35-cm. level as the residual S.D. of a single deter niination, that of the difference between averages of three would be -@14= 11.41.
V3
Accordingly, a difference of twice this,or 22.8,correspondsto the 5 per cent level and 2.6 X 11.41 = 29.6 corresponds to the 1 per cent level of significance, approximately neglecting corrections for sample size. To takeintoaccountthe effect of samplesize, Fisher's Table IV should be used.
